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02124144.9 



^ f Ij ^ ^ ^ mi/5M 



1. ^mp^'^mim^'^m^-wmn^-MmmmiaM. -^wit»a±3s^f6<ii§ 
MFcc(Mei mmmmi^mm'^^^^^^ ?> id ?>-' : * = 1.2,.., /2 . Nj,& fft 

(2mA'g'i»SliS#fP^JfiS^^i/i|^#|iJ&<l^M#IISC: 

A;/' : i§Wi)ll^^|lje</«M^5Sf^E MFCC iijii^"f fi<J^JS#»^ti 

(3) .:$)-'l!!ll> iPW: 

h{n) = 0.54 - 0.46 cos(-^), n = \,-,N 
N -\ 

(4) . ■^jIfl|A£Bt^m FFT: 

Yik,t) = Yik,t)e^'^''^ = FFr{y^M},k = U.,N^ 

(5.i).^^Bu 10 if^mti^^^mm'^Mpm. m\mm t ^^v^^^^mmm 



D,{k,t) = 
N(Ar) = |;y(*,5)/10 
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*i *i 3? * ^ m2/5m 



X- ^<^J Z PoM{Yik,t)/m),S]] 



D,(A:,O = 0.98xD^(*,r-l)+0.02xr/*.O 

(5.3.2).«p>;jr. wpm^tj^^iiji^iteii, sp^wiin^MMW. ^^^^m^m 

Cik,t) = 0.li 

C(k,t) = 0.98 X ^(*,/ - 1) + 0.02 X \y{k.l) - 1] 



2 Vy(*.0(i +<■(*,/)) 

1 ^2(^2+0 2! 

x{k,o=Gik,t)nk,t) 
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02124144.9 *t jpj I? * ^ ^3/515 

(6.6).it»^^ Htrufi tmk^m^(\<k<Nj^/2+i)m G{k,t) . xiU) «i c(k,i) it. 

Nan Njl2 

(6.9).it»^ t = 1.2,....r ^m'^^ X(k,t) m : 

i6A0)Mii!im^^m^^}¥^'^mn^ms.^ifis.xik,o^nmmnumm 

(7).MFCC !|#tE^^ 

{7.2).ifnV]^T^: X^ik,t) = \X(k,d ,k = \,...,Ng, ; 



(7.3).Mel 'M 



MBankim,t)= £ H„{k)xX^{k,0,m = l,..,M 

(7.5) .DCT m^M^t 

cir,0 = a(r)f^FBank{m,0<^si ''^'^'"~]'^}''~\ r = l,--,M 

m-l 2M 

(7.6) .fS)i^JPtSi: 

c(r, 0 = //y?er(r) x c(r , /), r = 1, • • - , /f 

(7.7) .ih^^jS^IS[: 

AcC'-.O = 2 A^'^C'-.' + AO/10 . At ^^m^; 

(7.8) .lrtBc(r,0?flAc(r.O; 
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^IJ M * ^ ^4/5^ 



^#S^^^Wte5. Mm^iX^^E^M^fjS, miiil)?>r^i!i^l!5*i^i. D(*./)=mr). 

10 l|!lS»^ffi^J^*&(ll*^'M» r = 1.2,...i?. 

(10).Log-Add ^mi^ffiiP^M^hit: 

(10.1) .|^A*lJ^lS^fi<] MFCC W&^^^mm'^mW.n'„=Tr''^l : 

(10.3) .Log-Add ^M^h^: 

A / 

M„=f^n, + log(l + exp(;il - /il )), »i = 1, 2, .., A/ 

= Cm 

l + exp(AiL-//j 

(10.4) .ie:?h{ie<J^M>l^^$f MFCC fSJit^^i' = Tr^i' , Am' = TrA^' ; 

(1 1 .2) .i\-»mm^^mm'^^Tmmmmmm 

(11.2.1).^E MFCC 1liJi^^it# MFCC 1^ffi-^pr3$*t^6<J>K^±Sfflfi«J^MM: 
in.2.3).^Mm^^MnM, ^^^mMFCCmm^d' =TrWd' : 
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tSl *l 3? # ^ ^5/515 



(1 1.4).it^:^:^*a^ p' = max[Jr(0) ^M^^'^^^±^^: q{T) = arg max[«5r(0] s 
(12). m^iRMi^^, 
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mmm 



HMM(ffidden Markov Model)e<I^^^itiRSiJ:^r)*Ji i lu g ^i&t^ii^NSiJ(ASR: 
Automatic Speech Recogmtion)W^4'^^fflM^M+il;?. M'^^nW^X^ HMM^^IA 

j^tm'f- HMM m^a:2ifH]6<ja^^iiAffl HMM f^^mm^m^^^^^. m 

9 ^mtk^it^^^m^±^^^, ■^itmmT-m^ hmm $^^a*, RM-^r-^\sitm 
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ift 45 m2/2m 



ag=P(j\i),\<i,J<,U (1) 
|;a,=l,Vl</^C/ (2) 

= fl 1 exp(Z(>k^) (3) 

=(/zflg[(T;;,(r;j,-.o-i] ^J- »j * » m ® isc a^u;^.^,) w*a{t^p:^s, 6^ 

HMM fi?iiswiR»j*«r$&Afi<i^w#'€^?!i r = [y„y„...,yr] > mmm^immi 

<J,(0 = ^^„ max^ .^^log[p(^(l)g(2)-9(r-l).^(0 = /.jy',;;^ | A)] (4) 

4" >l ^^VH^^PJfitJ HMM 

TO'HSi <y,(0 = log;r,+log[p(j;,|?0)=om^(0 = 0 (5) 

<y,(y) = iMx[«5,.,(i) + log(a,)]+log(pU|?(0 = y)) (6) 
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m ^ m/2i% 



jBilf*q^tt^53l!l}g|!C(PLP: Perceptive Linear Predictive). 

IE. 'ffi±.iiffl^#JfefitliR»JJf^, iq?f^f«IM#^(PMC: Parallel Model Compensation)*l»f 
i[itffljta?*(LA: Log-Add). . 

ftl^-i-SfB]e«)ft<l>l&:^r«M(MMSE: Minimum Mean Square Error)li?g$ha|P^fi$rsi 

W5c*IS[ie*aiq(LA: Log-Add)4h##ft;|f ife'^, i^«#iiJ7-#J»^:^rig,^:ti«i mmse-la 

im^^M^ MMSE-FW-LA FW ^g#^iEi^^t^(Fcature Weight), iPI^Bt^Sft-tSfH] , 

MMSE-LA W MMSE-FW-LA n^^%m^Rn Mel i5aiS|ii^i[(MFCC: Mel 
Frequency Cepstral Coef5cient)3^— g hIT bUig^^ffl S?I^^!|#tE , =^i£5^^*5fe-f^ liilifh^ . 

i ^ig$iR»J(ASR: Automatic Speech Recognition)S^Jt— ©iS't'lt-^ . i^^-W.+JI 

fi^jiia. ^Sim^m^^i^^j K%m%%m,mMo Mei ®s®jT^mft(MFcc: 

Mel-Frequency Cepstral Coefficient)^^ g Httt^g^ffiflll^^^tiE. M]t5feJSi&'&Wliliil 

JiM'h^^M, aaj^ Hamming 

A(«) = 0.54 - 0.46 cos(^^), n = 1, • • - , // (11) 

JV-1 

^^Nm'i-m^. /i(«)^^ hamming ^i^m«4^#^±W^I!t. ^(ii) 

y(n,t) = y{!^^^^^+n),n = \,-,N (12) 

y^{n,t) = yin,t)xh{n),n = \,-',N (13) 
Y(k,t) = Y{k,t)e^'^''^ = F/T{);,(«.0},* = 1 N^, (14) 
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^ 19 ^ M3/2151 



q>, (/) = arg max(^;_, (i) + log(a,^ )] (7) 

m.i^m.mp =m!ix.[dr{i)] (8) 
^^iaafl<lSBM'bt^g(r) = arginax[<yr(01 W 

\iiSN 

Smf^«?^i§WiRS'JBiiiiJ-^fckS^BW|5frg, W IBM M Via Voice itj-f^^. 

a3£K^*6*i. WiiJ7$^6<]M^^. iR^iJif^WiSi&W^?n 

HMM ^mimM. ^imp^^^^m^MMmtm 3 m^t^^-t^m. 

i-^^VH^Sl^^TWI^J&ig^, Sy^^iRSiW^TS^JM, M^TOTigW^-^e<I^@Ea^ 
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ift Hj ^ M&nm 



mm Mel-Scaled jlligES^W^Srtil^XtlSSc, ^ij5{ifli[^#'€#i![(log-Spectra), 

FBank(m,t) = logiMBankim,t)),m = 1,..,M (22) 

c(r,0 = a(r)X^W(w,Ocos(^^^^^^^^^).r = \,-,M (23) 

a(l) = ^.a(.) = ^.. = 2.....M (24) 

/i^<rr(r) = l+-^sin(^^),r = ],-,/? (25) 

c(r, 0 = lifterir) x c{r,t), r = \,--,R (26) 

2 

t.c(r,t) = Ate(r.r + A/) / 1 0 (27) 
Ac(r,/)^^-RA- MFCC #tE^|S[. At ^^iMfBlSe. 
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isi m =^ m^mn 



Y^ik,t) = \Yik,t)f,k = \....,N^ (15) 

He I -Sea led ^i^^^^ Mel ®M^i-3iS>5t«^MWW^S«iii±^tbKl. Mel-Scaled 

/„^=11271n(l + ^) (16) 

Mel iiiSis^^ns 5 ■^^m^^(\6)^^^m^> sp fft ^^jstf^m^^m^i Md ^ 

$±. ^^E Mel mm±mm'^^^, M ^^?Ij^^^± Mel-Scaled ^t|jSSI^6<I^|S[. -IfeSP 

Mel ij$±e<]:j^a^iit: 

MeL=mxll271n(l+-S^)/Af,/n = l,..,M (17) 

Lin„ = (exp(A/e/„ /1 127) -l)x 700,nj = 1,..,M (18) 
^4" Lm„m^mm^ Mel ^g^^mfl^J^tt^*. it» Mel 2i&M^a-^1±i5^.±fl<J}S 



^J*) = 



0 efac ,k = \,..,N^/2,m = \,..,M (19) 



f,^kxF,INj^,k = \,..,Nj, (20) 
JI^WMelitl^tiE^: 

MBank{m,t) = "'^ H^ik)xY^(k,t).m = \,..,M (21) 
^tf" iWB«niK/n,0 ^jj^ii^M^ ? w §1 Mel 
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1^ m mv2m 



MFcc ^'€^mLmm 4)4' . mm&^mn dct ^^zm. mmzmwi^ 

l£^^it5M^7i^4'. STi^W^Bti^fSjK (STSA: Short Time Spectral Amplitude) feif 

Ejifc, «T STSA feit6<i^^ii5i;5ri*-iKHJi®i§^fi<j STSA. rfDi:giie^iSig#fl<]*a{i^ 

;/(«) = x(n)+^/(n) (28) 
y^in,t) = xjn,t) + d^{n,t),\ <n^N (29) 

N :fQm^m&}^&. t^m^^^ dM, x{n,t), y(n,t)^<m-^WLm^mm^'m.'iin 

WiVi^'^m&^fAm Dik.t) , X{k,t), Y{k,t) ^i>/A,o. x,{k,t), Y^ik,t)^m, 
\<.k< Nj^m^^^m^. ^tj-W^il^f 2:iH-3g^(FFT)e«H^S. 

»^ STSA#it6<j^^lt3I;^^iW-^iifflfi<Ht3Ifeitl^^. 

X[k,t) = Gik,t)Y(k,t),l <.k<,N^l2+\ (30) 

%^Gik,t)nmtm^mkA^mmm^%Wi,^'^^nmw3^^^^mmw^^ 
x{k,t)m.^xik,t)ifyi^T^. Bpitsa^i&^WMBt^iiaffi. MMSE;b•^*WiK'C.»JtT^^^^l^^gif 
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Ui Bj 4i ^9/21^ 



[ogN{y;,u%r) = c(r)-y2d''r-'d',d'=y;-u' (36) 

n^ca:')^^^y'^^^'^^^' pTiu#i±sc(r)5{*is^^(4-8)^fi<i-i;iog(>^c7j. m 

r-I 

yd'T-'d'i^m'f-f^ ^"'!'"^' . 

logiSr(y/,«',Z') = c(Z')-)^rf""jf"'(S')-'»W',rf' =y/-M' (37) 

^-^^^(36)^n(37), pruJl#i'JfiNi^^±M#^E^p*l;{^M^!Sit^^^5s:: 

log N(y;,u',r) = c(r)-yd'^W^Tr^(Zy'TrWd', d' =^Tr-\y; -u"). (38) 
^^^(38)fi<jli^W!iJl^i&^^: t5fe«i@^vl-»#Ji§#«E^>bt5§i&{66<]^tt^l:, 

rr = DCr X Diag{\, 1 + 1 sin(|), , .., 1 + 1 sin(^^y^), 0, ...,0} (39) 

IP DCT ^wmmMMMWt^mm. m^iMUM^w^mMTtm^^m r m^mma^M 

rr-' = Z?wg{l, p5 \ ,0 0}x£»Cr-' (40) 

2 2 L 

^^mmmM^^i^ MFCC w%mm r A^^M^^'i^mm m, ^mnm? 
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ift msnm 



w.(0 = G{k,t)HSk)l /f„ S m S M (33) 

i;w„(o=i (34) 

(S 7a)fP5Rffl±i6:^r?*#iiJfi<j#'<iEtsifi(a 7b)o pTi^A^hh^saM:^, ^fi^^h. 

mmm^^mmL^, ^Srmmmjpc^^^m^'&, mmvcm'^mmMW,{>m\ 
wAm'^m viterbi ^m%m, wiiw^m.%7!f!m\m^^^i^mh 

d,(i)= ,„max,^ , log[/>(?(l)^(2) - g(f-l).9(0 = /,>',>'2 "3',|A)] 

= max[<?,.,(0 + log(a^)] + log(pC>., | git) = y)) (4/6) 
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m =^ mio/2m 



rf(«) = i(ii)-x(«) (41) 

mm^mm^p^m^ mmse iSk^^mmmpu.m-^mm^w^'&L, mn-^vm- 
mm^^^^mtmv'^, ^r^^mm\^mwr, m.-x)m%i^%^m. i^iw^si 

D(*,/)= mo , ^^i' i-(jfc./) m.^m^'^'^^'^m^mk^m^.i.m^m^m^vc^, m D(k,t) 
&m^mp^m t m^m k ^mi^±mmmm. mm^^p^mMmmmtE^^pm^^'f- 
m^^'^^mm^m^. mm^^'&nmASE'^^mmm.nm^pmm^M^. ^m^^ 

^^pmm%n^. 

= 

(42) 

-^Rmmiam^^mm^mmp'^'^mM^mm^iar ■. 
B^mik^punm'^mm'^^w^. w^j^^ffieu^M^^. 

MFcc ii^mi^it^M^Mm^mixi. mnm^ymm^mm'^mmmmmm. 

^ PMC. m^j^mm^^mmmm&o m Log-Add i^^y^mmmi^M mfcc m 
ii3^.m&-^mmm^^Mm mfcc. 

M„ =//i +log(l+expCul -//J) (43) 
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^ IS 45 Bl2/2m 



: 'm^^^w^w^^mmwm^ mfcc wk^'Y^^i^'^'^^m.', 

h(n) = 0.54 - 0.46 cos(-^), n = \,-,N 

3'w(«.0 = >'(«.0 X « = 1, • • • , 
(4). FFT: 

Y{k,t) = Y{k,t)e^'^'-'^ = FFT{y^(n,0},k = l,....iV^ 
iV^ Ji FFT ^^6<J,^|fe. 

10 

N(*) = £l'(A:.j)/10 
;ir = ,^'«„( Z /'o>i'[y(*,0/N(A:),5]} 
p= PoM{Y(k,t)/N(k),5] 



(k,t) = 0.98 X D^ik,t - 1) + 0.02 x Y^ ik,t) 
(5.3.2).^/?^^, ji!!)il^Jj*^t7#i^^l!!5, iP^WiS^0<Ii§Wl!!5. ^^P:^m^mm: 
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itt ^ mmm 



A«' = ^ J- (44) 

* ^MJts MFcc mmmmm^^'^mmmmm^^^i^mim^mp^'^i^^. m 

AC A C 

. A^' m Ml ^^\^^ fi - Am . fJ . Am' ^mI^^^ MFCC ^m#tiE, ±#c^^ MFCC 

m^i^> mBn^m^m^^Ymjs mtsw^ms^^^st w#^*n^5S mfcc t^^t . 

MMSE-FW-LA ^^tfy^^Mmta ffl 8 f?^: 

3. fflMMSEafi!iT+^?i^Mfi<j^w«ii'sjS. ^um^m&i^^Mm^ 

4. m^±~pmmT^mmm^^^mmmmwm^m, 

5. *JfflmHi^^PJ6<lii3S®#fi<l®B*iti|ia[, BP^?^^#MR:fit<iJK&«H*it€^m MFCC 
7. i£i^MSfa], ffl Log-Add v*)ft4^?fWVI|^JS^?iJM®-&^Mm5piJ^i*^#^. i^M^Uffl 

T±-0mmm^mpm mfcc # tsi^fi. 

Mel mi^^m^^^&mi^ k ±.^^^%^H^{k), WMIfei^lt^E-^ 
MFCC(Mel mnmm%m'^'^^^^'^^rrmr-' : »4'A: = l,2,..,yV^/2, ^V^, FFT 6<J^ 
^S![; i» = l,2....A^. A/JtMemjSc^^fid^^S. 
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(6).fflm*T5fe3^^i^ tk c mis^^v^ it y tfy^m&i$^Mik G{k,t) im^^m'U^^ 

(;ik,l) = 0.9«x^(;t,/ -1)+ 0.02x[y(*,/)-l] 

(6.3).s Hirtos / B A ^^^6<jTiii'i«itii^^: 



- _ a, cu +1) 



^4" a^ = -0.5 , flj = 1 f flj =- 



y(A:.0<-(^.0 



ak,t)=\x(k,t)f/D^{k,t) 



y^„it)=I,Gik,t)H„ik)l'^H„{k) 

(6.9).it»^r = 1.2....,r A'(fc,O^0 vv„(0 ; 

(7).MFCC Wat^M 

i7.\)MA^^^'&^H^mmi^imJt(k.t) 

(7.2) .it»?{j^it: i'/*./) = |i'(*.0f .A: = l,...,A^jp s 

(7.3) .MeiagjS: 
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^i^ m ^ m^nm 



MBank{m,t)= H„{k)x.X ^{k,t),mr=\,..,M 

(7A).M^^W€.i FBcmk(mJ) = \og{MBank{m,t)),m = \,..,M 

(7.5) .DCT#Jii^^: 

g(r./) = a(r)yF^anfc(m./)cos (''^^:y"^^ .r = l.---.M 

K't' a(l) = ^Mr) = = 2.-. M . #llBU J! mmW^^ 

(7.6) .fiiJitJpfe: 

c(r . /) = /i^er(r) xc{r,t),r = \,-,R 

K4'/{^er(r) = l + -sin(^^^^),r =1, . ^ i*jin*X-2lliSt§l^£g; 

(7.7) .it»^J5i^^i(C! 

2 _ 

'^c(r,0= S ^^'^('■'' + '^)^'^°' A/^7lNiIij5fBlSg; 

(7.8) .$i!ftbc(r,0^nAc(r,0: 

tJ(«) = x(«)-x(«) 

^^Si^^^i^^-tes, m'^^'m^=f-imp^i!i, mmi-'^p^m^, b{k,t)=x{k,t), 
\fnm^%pmm^ mfcc #tEi^{t: 

Zc(r,r) 
u' = 

(io).Log-Add mmm^iamm^m: 
i\o.i)M\m^mpm mfcc ^'mmi^mmm^^M>Tr-'fi: 
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Tli. m ^ mi5/21J5 



(10.3).Log-Add^®#^: 

A / 

M„=mL+ logo + expGul - ^J),m = 1, 2,.., M 



i+exp(//;;„-Ail) 

(11) .!|#^iEiPt5lW^#ltiR»Jl?fii: 

(11.2.1).:^ MFCC mmmm MFCC WU^'^^^^tfy^^i^^if}^^^: 
(n.2.3).:^Mmtm^mm, ^^^m MFCC ^Jit^ =rrfFc?' ; 

\og(piy; I ^(/) = /•)) = c{r)-y2d"(rr d- 

(11.3).^U*&lbViterbiTOjS, ^m.^, ■Ph»^/=i,2,...,ri|ijS5 

(12) . 

ffl4: MFCCJRFiEJI^Kilig. 
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^ 1? ^i6/2m 



S6: g|^STSAttT+fi«jMii5i*ia. 

m 7: isi^tt odB j^v^pf^mrMm^^^^m^^M^Mm-. 

a: 26 ^^%lt3icJI: 

b: 26 ^JftiSt^^S^S. 
mil MMSE-FW-LA;^|fe^^?^iSS. 
®9: MMSE-LA:5"lfe±SJ^«iKjg@. 
SlO: MMSE-FW-LA:i5"^^Si^^ifi^S. 

S12: @#i®3S*P#tiE>RSit»^'l>g^?iSS. 

@i4: Log-Add ^a#^^^'ii^?jg;ga. 

@ 16: immit'^^P^^y • fr«MMSEli5I. !|#'iiEJqtSi^n Log-Add ^M^h^fitlJnLiS 
S17: fBc^l^tt&lS^fFi^T. !|^!5EiP«l4)-5iJfP fr« MMSE Log-Add mM^^Hl 

S 18: i&m^itBmr^^y ' mmse-fw-la mmse-la :^lfefi«]^^;lS^iP^«|J'l4tgtk 

a 19: i^^mitH^mp^^y . «MMSEii5s, m*p» Log-Add ^iih^wia 
0 20: i^mm\tH^^p^mr . n^ua^^mmmmMMSEm'^^ Log-Add ^s^h^ 

m 21: i'&iw^itn^mP^^iMrf, mmse-fw-la ^ mmse-la :^^mmPiR^\Mt 

)km9. lOpTUAl-Hi. MMSE-FW -LAW MMSE-LA :^^6<J±S;^SitSS*ffll^. 

m^i^^^m-m^'. mpm^mmmp:^m^m&^i\-m^^ MMSEMitss^x^^Sit^ 

%Uni^if> MFCC^Itffi^m. Log-Add ^a^h^|n#'€Ap«lfi*i^!|#bk^«i^J*. 

fi^j^B^i^iiis. w,mmpmmn'i^mmm^i±mmmiii\-%^B^mp:^miiims.> mp 
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02124144.9 iJi ?a 45 ^17/21^ 



-i2 



;r = ^Af«^{ X P^MXiKtym),^]) (46) 
^4'N(A:) = J]y(A:,j)/lO^:^ffitt0«Jl^^itiliS. ®||5tPow(x„Xj) = x/- . 



p= X i'oHtI'(A:.0/N(fe),5] (47) 
D^ik,t) = 0.98x D,(Ar,r -1) + 0.02 x Y^ik.t) (48) 
D^ik,t) = D-{k,t-\) (49) 

@ 12 MMSE m^'m^mMmT^W€UMimm^mm.mm, nmA^tw^^^^^ 



- 2 ^KA.O(i .^(*./))*^'^-'''''lT?OMr^ ^^'^ 
^-CJfc,/) = 0.98 X ^{k,t - 1) + 0.02X [y(A,/) - 1] (50) 

y(*.0=i;(*.0/5,(*,/) (51) 

D,(ifc,o^ftite<]ii^iij*i^t@JS. #jasii. 

m 13 «&til7 MFCC *&A;^Jt3S^^Mi§fiM, 

@ i4«&fcH7 Log-Add mM^ft^'il'mSS. iiA^*jM}^ig#TJi|^^iiJ6<]^MM^nfiJ^ 

. @ 15 ^ihjwaumm^itmmmm-m'^mmm, mmse i^sswi^ 
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02124144. 9 



iji Bj ^ mismn 



S^$^(BaseLine) 

26 MFCC_0_D !|#'€. «^ MFCC ^*l^c(l,0:^^he<J#^§J 

MFCC ^t*^^Ea«l#!g[«M}nT: 

®it®Wi!!!)ifi<]ifeJ[5t( 20ms, BPN=320i W^SS/t, lOms, BP 160^a^#^. ^B^HSFFT 

Mem^SSIfi<Jl-i[^*> M=26. 

#^g;fl<l MFCC #IS[>h!l!S[;*; R=i3. 

?^MCone'~'nine', 'oh', 'zero' and 'sir). ^^^MW 8 ^h^btSSE, ^^^^^^iSEWi^^^ 

^ifeWiHI^^OSJiSif^lfelg^^^ TI-Digits. TI-Digits ^ Texas Instruments ^SlSit. 
ffl*ill|^»S!ii^«^A^5:ISc^$MiRSiJ^^. 326 A(lll ^fiK^Btt. 114 

iSAM 500 ^iS. T«»Ji!lT55^ffl^4'-^illl^S^fi<J 4 ^AW lOO ^ig. Tg#l!c«e<]^#^^*J 
16KHZ. 5|^#tk# 16bit, 

^M6<Ji*^*g Noise-92 imm. -g-n^M^^EftnUbt-SdB id 15dB wmSl*I«f^PS 
5dBSipiSj^=^5iJ. ng^SlcSgfi<l3K#M5*J 16KHZ. 3^#tl:#:)^ 16bit. '^Pitt(SNR)ScT^ 

SiVi? = 101og,o(^) (52) 
^Mi^ii^f ?E PentiumD450 a*±. f'3#5SH28M, iftfflM^I^^^Ji Windows 2000. 

^i&^$fflfl<]*ftis^i§wiR»j^^^s§iir^it3S, W'iSEmL. mmmm. mp^m. \Rmmi¥ 
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02124144. 9 



iJi 1i mi9/2im 



%accuracy^[(W^-Wo -W, -W,)/W^] X 100% (53) 

mw&^mmM^itm^ss^i^^^^mmm mmse m^mmmm^^m Log-Add ^ 
5«l*mBJilth(i<] MMSE-FW-LA :^r3l?t] MMSE-LA :^^a^f tk^^. 

il?mai^^(white) 





-SdB 


OdB 


SdB 


lOdB 


15dB 


Baseline 


6 


8 


13 


30 


65.33 


MMSE 


14.67 


24 


54 


80.33 


91 


FW 


24.33 


46.33 


65 


76.67 


82 


LA 


22.33 


. 34.33. 


67.67 


84.67 


92.67 


MMSE-FW 


46.33 


76 


85 


91.67 


92.67 


FW-LA .,. 


■ ;• 






87.33 \ 


94(67 


MMSE-LA 


65.33 


79.67 


89.33 


93 


93.33 








^^^^^ 







Baseline m^^mmi£i^ifimpmmmm^i^m^mm&. mmse, FwmLA^m 
t^mm\tmsm mmse it®. i^%MmLog-A6Amm\'^-:^'mtjimpm\mt. ins 

16^*: 
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Va ^ =^ B20/2135 



> mm MMSE mm> i^muu^ hog-Add mm^^n^^^ j^p^^^T^mmm, 

> Log-Add mm^H^^^'^mmitKmmi)tTm^ mmse 

> i£ieW«:l^^Sf:^T(SNR<5dB). W^MW-^milT- Log-Add ^M^h^^W. #»JJti3E 
^I^tk OdB Bt, i°5lJiliJtiiil5T 12%: 

m^^^'€^mmGUf±m^mmm mmse i^ss^p Log-Add ^m^vmm-^. \t^'^in 

> I^^EiPfe-^M MMSE Ji5S?D Log-Add ^M^^ffiSb-^. ifUittHU^nflkm., iPfctSBJ 

> WWUa^^mm MMSE ItSSWit-g-, S^K^n|tkB*(SNR<l5dB)ttTfn Log-Add «M?h 

ttlg!MMSE-FW-LA:5"^-^MMSE-LA:5'3l. iUSlSff^: 

> MMSE-LA m MMSE-FW-LA ^^^^S^Hllilffi Jl^^if :^T6<)iRSJffiS. S^l^tt-SdS 

, MMSE-LA fi^iRS'JItiSiiiiJ 7 65.33%,MMSE-FW-LA HJ^ifcii 81%c 

> n'{!Emmm^'\-^immp^'^\R%m:^i^ mmse-fw-la 
^mmmm^^mm'^mL^G^ mmse-la mRmitmifSi, ^^iBitn^mp^^^m 

-kM^mmm^c itn^nitk-5dB Bt, mmse-fw-la 6<]m»Ji|»jStk mmse-la «iU7 

15%. 

(leopard) 





-5dB 


OdB 


SdB 


lOdB 


15dB 


Baseline 


0.67 


17.67 


41.33 


60.67 


80 


MMSE 


48 


73 


87 


95 


96 


FW 


24 


29.33 


42 


69 


84.67 


LA 


55.33 


77.67 


93.67 


95.33 


97.33 


MMSE-FW 


51.33 


74.33 


88.67 


95.33 


96.33 


fW-LA 










V;.'.97. • ' 


MMSE-LA 


85.67 


91.67 


95 


95.33 


96 













mw. Baseline m^^^m^^mv^pt^mt^mmmmmTRmms., mmse, fw ^ la 
^m^mmm mmse m^. ^'^taisLm Log-Add mm^\^m. Ms^^?-«j3^;5r>*:tfi] wnt-^. 
t^mmmm mmse m^. W€MU^ Log-Add mmm:Bmmm^mmt, 
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iJi ?a 45 B21/21Iff 



tarn I9m^: 

> m MMSE igss^o Log-Add mM^Y^^itmME.imMJ^psm&• Log-Add m 
m^m^^^mmitKtmui)^?^ mmse j#5s, 

> itM^5i^mr5S MMSE Ji?sfo Log-Add mM#ftffiit. ipsm&mE:Tf^. ±mmm& 

^p.mm^. tarn 20 

> ^WiE^imMntmmm^, itmnE^i&^^j'mm mmse m^m Log-Add m^^h^t 
mtfi^^mmmo ^mmit^^-sdBm. mm&^m^^r 2.33%m ifi.67%, 

> ^^i^tk^ft^ lOdB Bt. Log-Add :glM*h#-^«l#'<Ein«ifi<]it!-^»«f«;^ frsiii mmse 
bk^ mmse-fw-la :^rfl-^ mmse-la $na 21 ff^t 

> MMSE-LA m MMSE-FW-LA ^j^-^im^lti^^ 5dB HE:^i!^^MT^P^^~fmRM 
m. ia^^mt-SdBn, mmse-la IP MMSE-FW-LA fifJiRSlJWi^^ 80%; ^Elf^ 

> ^ai-a-T^tE^riJ^l^^i^^iPNSiJSTl^W mmse-fw-la MMSE-LA « 
-5dB id 15dB mart . i.R»J«JtTOiiili^i£ 2% . 

MMSE Ji?Sln Log-Add ^M^hlt; S^S50<I*. S^fr5^i§W±i?Sfe^. 

im:s.m^, ^wnkum^^ipsmmi^w^pm^c :^'Rm^\ii^ mmse-fw-la 
^ J ^^\mmp iRM^^, m:km&m^j^WMmp'i^mrmRmm&. ^ snr 
-5dB mnmmpmH^v^p^^mr. iPM&umn io%, MB.^»?*ft^«*#. 
mmse-fw-la Hu^itMMMfeitffissfe-^. &m Jifwmmm mmse ttit 

«0JJItii6<] mmse-fw-la ;^^=ftWm5Sfl<i$ffltt. 
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m =^ m m 



mmm 
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m =^ m m mvvm 
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02124144.9 



ift HJ3 ^ a ^3/13^ 




16 
14 
12 
10 



(SKIUOdB) 




10 15 20 25 
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02124144.9 ili HJ 45 Ht a ^4/13^ 



▼ 



Log-Add^ 




FFT 



MFCC#tiE 



[::n.z:r:z] 

'one' - *two* - 'zero' 

@ 8 
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02124144.9 % BJ ^ lift a ^5/13^1 



W Tr 



::z::z:: 

FFT 



I 




It^ifeSMFCC 



1 


r 


Log-Add^M 






mm 




r 
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02124144.9 ift "i ^ pft ffl mmsM 



^ Tr 




1 




FFT 1 


J 














r 














t 











l!i^i|!!^MFCC 



Log-Add^ 



10 
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02124144.9 m m m mvim 



I 



4. 42 6. 45 6. 57. . . 





N(A) = |;r(*.5)/lO 



L.._ 

..U....10 




D,(k,0 = 0.9SxD^{k,t-l) 



D,(k.t) = D,{k.t-\) 



1. 23, 1. 45, 1. 42. . . 



11 
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02124144.9 ^ li U Pft a ^9/1355 



T 

2. 42 4. 23 1. 67. . . 



X^ik,t) = \X{k,l)\ 



I 



ikTiiWL^^^ FBank(m,0 

c(r, t) = a{r)J^FBankim, t) 

X cos(— i -) 



c{r, t) = lifter (r) x c(r, t) 

... , . , L . .itir-X). 
/i/ter(r) = l + jsm(-5y-i) 



it: 



2 



A/— 2 



I 



MFCCifttiE 
-8. 90 10. 49 4. 82. . . 



a 13 
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02124144.9 iJi w ^ pft a ms/im 



4. 42 6. 45 6. 57 . . . 



1.23. 1.45. 1.42.. 



r{.k.t)=Y,(k,tvb,{k,t) 




^(*./) = 0.l 



f(it,() = 0.98x<-(i,f-l) 
+0.02x1/(4,0-11 



G(*,)=i infill 



')) 




m 12 
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m =^ m m mo/im 



-5.21 -5.89 0.64.. 



3.23 -3.61 10.43... 

Log-Add«a#e 

"™=>"i+'og(l + exp(/y;;„ 

= r- 

'!!''Pl^«-lii"'^ _ 



r:: 



-11.50 2.64 0.66... 




a 14 
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ift eg 4i a Bii/i3^ 



t=t+l 



I 



-11.50 2.64 0.66... 



iia-8. 90 10. 49 4. 82. . . 
iai2. 15 2. 63 2. 63. . . 



^MFCCfgJit:®-H- 



IZZTZZ 

d^=TrWdf 



log(pO','l9(0 = 0) = 

c(Z')-)^d'^(r)-'rf' 




Viterbii$5i%!J*&'Hi 

= log/r, + log[p(y,' 1 9(1) = 01 
^,(0 = 0 iSiSf/ 




<y,O) = maxK.,(0 + logH)] 
+Io8(p(x'l9(0 = y)) 




«0= W.,«(' + l)).' = 7'-l > 



S 15 
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iJi ?8 H W ffl mi2/i3K 




02124144.9 i^i m ^ Wt ffl mi3/13S 




B 21 
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